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DESCRIPTION 

FUEL CELL SYSTEM 

Technical Field 
[OOOl] 

The present invention relates to a fuel cell 
system that generates electric power using a solid polymer 
fuel cell. 

Background Art 
[0002] 

Fuel cells are basically composed of a pair of 
electrodes, i.e., anode and cathode, sandwiching an ion- 
conductive electrolyte, and an anode -side separator and a 
cathode-side separator sandwiching the electrodes. The 
anode -side separator has a flow channel for supplying a 
fuel to the anode, while the cathode- side separator has a 
flow channel for supplying an oxidant to the cathode. By 
supplying the anode with a fuel, such as hydrogen gas or 
ethanol, and supplying the cathode with an oxidant such as 
oxygen or air, the chemical energy of these reactive 
substances is converted to electrical energy through 
oxidation or reduction reaction on the electrodes, to 
produce current . 
[0003] 
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A type of fuel cell uses a hydrogen- ion 
conductive polymer membrane as the electrolyte, uses 
hydrogen or a mixed gas composed mainly of hydrogen as the 
fuel, and uses oxygen or gas such as air as the oxidant. In 
this fuel cell, hydrogen gas is oxidized on the anode in 
the reaction of formula (1) to produce electrons and 
hydrogen ions . The hydrogen ions move through the solid 
electrolyte membrane and reach the cathode side. The 
electrons move through an external circuit and reach the 
cathode. The oxygen, the electrons and the hydrogen ions 
at the cathode are reduced in the reaction of formula (2) 
to produce water. 
[0004] 

2H 2 4H + + 4e (1) 
4H + + 0 2 + 4e — 2H z O ( 2 ) 

[0005] 

The solid polymer membrane that is the 
electrolyte of this fuel cell exhibits ionic conductivity 
only when it is hydrated. Thus, in order to maintain the 
high power generation performance, the water produced by 
the reaction of formula (2) alone is insufficient, and it 
is thus necessary to supply water from outside. A common 
method for supplying water necessary for the operation of a 
fuel cell is to use a device that is placed inside or 
outside the fuel cell for humidifying the gas to be 
supplied to the fuel cell. 



[0006] 

Also, the operation temperature of this fuel cell 
is usually 90*0 or lower, because there are limitations 
resulting from the heat-resisting performance of the solid 
polymer membrane serving as the electrolyte. However, 
since the reactions of formulae (1) and (2) are unlikely to 
occur in an environment of 90*C or lower , the anode and 
cathode need to be equipped with a catalyst that is capable 
of activating such reaction. Therefore, the anode and 
cathode of this fuel cell comprise platinum with a high 
catalytic ability. 
[0007] 

An exemplary conventional fuel cell system 
including this fuel cell is a system that is configured as 
illustrated in FIG. 1 (see Patent Document 1, for example). 
That is, this system includes a fuel cell 10 that generates 
power by reacting hydrogen supplied from hydrogen supply 
means 11 with oxygen in the humidified air that is supplied 
from air supply means 12 via a humidifier 13. It includes 
a pump 16 for circulating cooling water through the fuel 
cell 10 to collect the heat of electrode reaction, and an 
inverter 25 for converting the direct current generated by 
the fuel cell 10 into an alternating current. The cooling 
water circulated by the pump 16 releases the thermal energy 
it acquired from the fuel cell at a heat exchanger 19. On 
the other hand, the water in a hot water reservoir 18 that 



is circulated by a pump 17 absorbs heat from the heat 
exchanger 19 and becomes warm water, which is stored in the 
hot water reservoir 18. 
[0008] 

In this conventional system, a flow path 14 
leading to a fuel gas inlet 14a of the fuel cell 10 and a 
flow path 15 leading to an air inlet 15a are provided with 
three-way valves 21 and 22, respectively. When the 
operation of the fuel cell 10 is shut down, an inert gas is 
supplied to the fuel gas flow path and the air flow path 
from an inert gas cylinder 20. 14b represents a fuel gas 
outlet, and 15b denotes an air outlet. 
[0009] 

In order for such a fuel cell system as the above 
example to efficiently utilize the chemical energy of the 
fuel gas, there is a need to change the output of the 
operation or repeatedly start up and shut down the system 
according to the demand for power it supplies. However, in 
starting up and shutting down the fuel cell which is a 
power generation source, the following problems arise, so 
the gas supplied to one or both of the anode and the 
cathode needs to be replaced, i.e., purged, with an inert 
gas . 
[0010] 

First, in terms of safety, a problem associated 
with the start-up and shut-down is that hydrogen gas needs 
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to be removed from the fuel cell during shut-down. The 
reason is that since the solid polymer membrane separating 
the anode from the cathode is permeable to oxygen gas and 
hydrogen gas , hydrogen and oxygen become mixed together if 
the shut-down of operation of the fuel cell is maintained 
for an extended period of time. 
[0011] 

Second, in terms of power generation efficiency, 
oxygen gas in the cathode needs to be removed. The reason 
is as follows . When oxygen is present in the cathode at 
the time of no load, the cathode has a potential of 
approximately 1 V relative to the potential of the standard 
hydrogen electrode. This potential causes oxidation 
reaction or dissolution reaction of platinum serving as the 
electrode catalyst, thereby lowering the catalyzing ability 
of the electrode. 
[0012] 

Third, in terms of start-up stability, water 
vapor in the anode and cathode needs to be removed. The 
reason is as follows. The gas inside the fuel cell has a 
relative humidity close to 100% at the temperature during 
operation, because of the combination of the humidified gas 
supplied to the fuel cell and the water produced in the 
reaction of formula (2). Although the operation 
temperature of the fuel cell is normally 60X^ to 80*0, the 
gas remaining in the fuel cell during the shut-down of the 



fuel cell is cooled to room temperature. Thus, the 
moisture in the gas condenses into water. When the fuel 
cell is started up, the temperature of the fuel cell is low, 
so the condensed water remains in liquid form in the cell . 
The condensed water covers the platinum surface, clogs the 
pores of the porous gas diffusion layer, and closes the gas 
flow channel of the separator, so that the gas diffusion is 
hampered, thereby resulting in unstable power generation 
upon start-up. 
[0013] 

With respect to the purge method for solving 
these problems, the most common method is shown in FIG. 1. 
That is, the system is equipped with the cylinder 20 of an 
inert gas such as nitrogen gas , and when the fuel cell is 
shut down, the inert gas is supplied through the flow path 
14 leading to the fuel gas inlet 14a of the fuel cell 10 
and the flow path 15 leading to the air inlet 15a, using 
the pressure of the cylinder as the driving power. Other 
methods that have been proposed so far include a method of 
purging with cooling water (e.g.. Patent Document 2), a 
method of removing oxygen from the cathode exhaust gas and 
resupplying it to the fuel cell (e.g.. Patent Document 3), 
and a method of burning the fuel hydrogen and air and then 
supplying it to the fuel cell (e.g.. Patent Document 4). 

Patent Document 1 : Japanese Laid-Open Patent 
Publication No. Hei 11-214025 
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Patent Document 2 : Japanese Laid-Open Patent 
Publication No. Hei 06-251788 

Patent Document 3 : Japanese Laid-Open Patent 
Publication No, Hei 06-203865 

Patent Document 4 : Japanese Laid-Open Patent 
Publication No. 2002-50372 

Disclosure of Invention 

Problem That the Invention Is to Solve 
[0014] 

The object of purging in conventional techniques 
is to replace the gas present in a fuel cell during shut- 
down with an inert gas. Also, in consideration of the 
start-up/shut-down characteristics of fuel cells, the purge 
time is desirably as short as possible. Hence, as the 
purge conditions satisfying these requirements , the 
desirable purge method is to supply an inert gas at a large 
flow rate so as to replace the gas inside a fuel cell 
within a short period of time. 

However, if there is a large difference between 
the amount of gas supplied during operation and the amount 
of gas supplied during purging, there is a sharp change in 
the differential pressure between the anode and the cathode 
in the fuel cell, which poses a problem. 
[0015] 

Fuel cells of this type usually employ a solid 
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polymer membrane with a thickness of a few tens of Mm. The 
solid polymer membrane is required to have the function of 
separating the fuel gas of the anode from the oxidant gas 
of the cathode in addition to the function as the 
electrolyte. The differential pressure between the anode 
and the cathode constantly distorts the solid polymer 
membrane. A rapid change in the amount of distortion 
lowers the strength of the solid polymer membrane, thereby 
shortening the time it takes for the solid polymer membrane 
to be broken by repeated start-ups and shut-downs of daily 
operation. Particularly, if the relation between the 
amount of pressure loss in the anode and the cathode during 
operation and that during purging is reversed, the solid 
polymer membrane vibrates from the anode side to the 
cathode side, so that the strength of the solid polymer 
membrane is significantly impaired. That is, a problem 
with the purge methods according to the conventional 
techniques is that repetitive purging without controlling 
the differential pressure lowers the long-term reliability 
of the fuel cell. 
[0016] 

The present invention solves the above-mentioned 
problems associated with the conventional techniques and 
intends to improve the long-term reliability of a fuel cell 
that is repeatedly started up and shut down, by measuring 
the pressure of fuel gas of the anode and that of oxidant 
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gas of the cathode and controlling the pressure in the 
anode or cathode based on the measured values . 

Means for Solving the Problem 
[0017] 

In order to solve the above-mentioned problems, a 
fuel cell system according to the present invention 
includes: a fuel cell; fuel gas supply means for supplying 
a fuel gas to an anode of the fuel cell; oxidant gas supply 
means for supplying an oxidant gas to a cathode of the fuel 
cell; inert gas supply means for supplying an inert gas to 
the anode and/or cathode of the fuel cell; and means for 
measuring a pressure Pa in an inlet -side flow path leading 
to the anode of the fuel cell and a pressure Pc in an 
inlet- side flow path leading to the cathode. The fuel cell 
is subjected to a purge operation of replacing the fuel gas 
and/or oxidant gas in the fuel cell with the inert gas 
supplied from the inert gas supply means when the fuel cell 
is started up or shut-down. The differential pressure Ap 
is defined as P=Pa-Pc, and the differential pressure during 
operation APo and the differential pressure during the 
purge operation App satisfy the relation: 0<APoXApp. 
[0018] 

Preferably, APo and App satisfy I App I ^ I APo I . 
Preferably, APo = APp. 

In a preferable embodiment of the present 
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invention, the system includes means for increasing or 
decreasing the amount of the inert gas supplied to the fuel 
cell based on the values of Pa and Pc during the purge 
operation of the fuel cell. According to this embodiment, 
since the relation between Apo and APp can be controlled 
favorably, it is possible to prevent this relation from 
becoming APoXAPp<0 even temporarily. 

In another preferable embodiment of the present 
invention, the system includes means for changing the 
internal diameter of an outlet-side flow path of an exhaust 
gas from the fuel cell, and means for changing the internal 
diameter based on the values of Pa and Pc during the purge 
operation of the fuel cell. According to this embodiment, 
the relation between APo and APp can be controlled 
favorably. 

The present invention makes it possible to 
favorably control the differential pressure during purging 
that is performed when the fuel cell is started up or shut 
down. 

Effects of the Invention 
[0019] 

According to the present invention, during 
operation and during purging, the pressure on one of the 
anode-side and the cathode-side of the electrolyte membrane 
is controlled such that it is constantly larger than the 
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pressure on the other side. It is therefore possible to 
suppress degradation of the strength of the solid polymer 
membrane caused by the vibration thereof which occurs 
during start-up or shut-down purging. Accordingly, it is 
possible to provide a fuel cell system having a high 
reliability in a long-term operation that is subject to 
start-ups and shut-downs. 

Brief Description of Drawings 
[0020] 

[FIG. 1] A diagram schematically showing the 
structure of a conventional fuel cell system; 

[FIG. 2] A diagram showing the structure of a 
fuel cell system according to Embodiment 1 of the present 
invention; 

[FIG. 3] A diagram showing the structure of a 
fuel cell system according to Embodiment 2 of the present 
invention; 

[FIG. 4] A diagram showing the structure of a 
fuel cell system according to Embodiment 3 of the present 
invention; 

[FIG. 5] A diagram showing the structure of a 
fuel cell system according to Embodiment 4 of the present 
invention; 

[FIG. 6] A diagram showing the structure of a 
fuel cell system according to Embodiment 5 of the present 
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invention; 

[FIG. 7] A diagram showing the structure of a 
fuel cell system according to Embodiment 6 of the present 
invention; and 

[FIG. 8] A graph showing the voltages generated 
in cycle tests of fuel cell stacks according to the 
examples of the present invention and a comparative example. 

Best Mode for Carrying Out the Invention 
[0021] 

Embodiments of the present invention are 
hereinafter described with reference to drawings. 

Embodiment 1 

FIG. 2 is a diagram showing the structure of a 
fuel cell system according to Embodiment 1 of the present 
invention . 

The fuel cell system of Embodiment 1 includes a 
solid polymer type fuel cell 10 that generates electric 
power using a fuel gas and an oxidant gas, hydrogen supply 
means 11 for producing a hydrogen-rich gas by steam- 
reforming of a raw material such as natural gas and 
supplying it to the fuel cell 10, air supply means 12 for 
taking in outside air as an oxidant gas, and a humidifier 
13 for humidifying the air as appropriate. It also 
includes a pump 16 for circulating cooling water to collect 
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the heat generated during the power generation of the fuel 
cell 10, a heat exchanger 19 for collecting/storing the 
thermal energy collected from the cooling water, a hot 
water reservoir 18, a circulation pump 17 for circulating 
the water in the hot water reservoir 18 through the heat 
exchanger 19, and an inverter 25 for converting the direct 
current generated by the fuel cell 10 into an alternating 
current. It further includes an inert gas cylinder 20 for 
supplying an inert gas to the fuel cell 10 upon shut-down 
of the operation. 
[0022] 

Although the above-mentioned constituent elements 
are the same as those of the system according to 
conventional techniques, this embodiment further includes 
manometers 31 and 32 for measuring the pressure in a flow 
path 14 on the side of a fuel gas inlet 14a and the 
pressure in a flow path 15 on the side of an air inlet 15a, 
massflow controllers 33 and 34 for controlling the flow 
rate of the inert gas supplied to each inlet, and a 
controller 30 for storing the pressures measured by the 
manometers 31 and 32 and controlling the massflow 
controllers 33 and 34 based on the measured values. 

As used herein, the inert gas refers to gas that 
does not cause an oxidation-reduction reaction serving as a 
single electrode on platinum in a highly humid atmosphere 
at 0*C to 100*0, for example, rare gases such as helium and 
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argon, nitrogen, desulf urized natural gas, and water vapor. 
[0023] 

-The purge sequence of Embodiment 1 for shutting 
down the operation is described below. 

When the demand for power from the external 
circuit disappears and a stop signal is sent to the fuel 
cell system, first, the output of the fuel cell system is 
reduced to a minimum output. At this time, the flow rates 
of the massflow controllers 33 and 34 are set to minimum 
controllable values of flow rates. The minimum output is 
maintained for a given period of time in order to stabilize 
the gas flows inside the fuel cell, and then the pressures 
in the fuel gas inlet 14a and the air inlet 15a measured by 
the manometers 31 and 32 are recorded by the controller 30. 

Next, the electric circuit connected to the 
inverter 25 is opened, and the hydrogen supply means 11 and 
the air supply means 12 are stopped. 
[0024] 

Subsequently, the pressures recorded by the 
controller 30 are compared, and the valve in the inert gas 
flow path connected to the inlet having a larger pressure, 
for example, the valve 21 connected to the inlet 14a, is 
opened and the flow rate of the inert gas is increased in 
stages by means of the massflow controller 33 until an 
intended flow rate is reached. 

Thereafter, the valve in the inert gas flow path 
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connected to the other inlet, for example, the valve 22 
connected to the inlet 15a, is opened and the flow rate of 
the inert gas is increased in stages in the same manner. 
When the absolute value I App I of the difference between 
the pressures in the two inlet -side flow paths during 
purging becomes smaller than the absolute value I APo I of 
the pressure difference during operation, the increase of 
flow rate of the inert gas is stopped, and the flow rate at 
this time is maintained. 

In this state, the inert gas is supplied into the 
fuel cell for a predetermined time. Thereafter, in the 
reverse manner of the supply of the inert gas, the valve in 
the inert gas flow path connected to the inlet having a 
smaller recorded pressure, for example, the valve 22 
connected to the inlet 15a, is closed, and then the valve 
in the inert gas flow path connected to the other inlet, 
for example, the valve 21 connected to the inlet 14a, is 
closed. This is the sequence performed when the fuel cell 
is shut down. 
[0025] 

The purge sequence for restart -up is described 

below. 

When a power demand arises from the external 
circuit and a start signal is sent to the fuel cell system, 
first, the flow rates of the massflow controllers 33 and 34 
are set to minimum controllable values of flow rates . 



16 

Subsequently, the pressures recorded by the controller 30 
upon the previous shut-down are compared, and the valve in 
the inert gas flow path connected to the inlet having a 
larger pressure, for example, the valve 21 connected to the 
inlet 14a , is opened and the flow rate of the inert gas is 
increased in stages by means of the massflow controller 33 
until an intended flow rate is reached. Thereafter, the 
valve in the inert gas flow path connected to the other 
inlet, for example, the valve 22 connected to the inlet 15a, 
is opened and the flow rate of the inert gas is increased 
in stages in the same manner. When the absolute value 
I APp I of the differential pressure during purging becomes 
smaller than the absolute value I APo I of the differential 
pressure during operation, the increase of flow rate of the 
inert gas is stopped, and the flow rate at this time is 
maintained. 

In this state, the inert gas is supplied into the 
fuel cell for a predetermined time. Thereafter, in the 
reverse manner of the supply of the inert gas, the valve in 
the inert gas flow path connected to the inlet having a 
smaller recorded pressure, for example, the valve 22 
connected to the inlet 15a, is closed, and then the valve 
in the inert gas flow path connected to the other inlet, 
for example, the valve 21 connected to the inlet 14a, is 
closed. 
[0026] 
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Next, the hydrogen supply means 11 and the air 
supply means 12 are actuated, and this state is maintained 
for a period of time that is sufficient for the fuel gas 
and air to permeate the fuel cell 10. Then, the electric 
circuit connected to the inverter 2 5 is closed, and power 
generation is started. This is the sequence performed when 
the fuel cell is started. 
[0027] 

In the above-mentioned sequences for start-up and 
shut-down, more desirably, the pressure in the inlet, for 
example, 15a, to which the inert gas is supplied later is 
increased until it becomes equal to the pressure in the 
inlet, for example, 14a, to which the inert gas is supplied 
earlier. 
[0028] 

With the configuration of the fuel cell system 
and the purge method in Embodiment 1, during operation and 
purging, the solid electrolyte membrane of the fuel cell 10 
constantly receives force from one direction due to the 
differential pressure, and hence, the degradation of 
strength caused by vibrations is not promoted. It is 
therefore possible to provide a fuel cell system having a 
high reliability in a long-term operation that is subject 
to start-ups and shut-downs. 
[0029] 

Embodiment 2 
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FIG. 3 is a diagram showing the structure of a 
fuel cell system according to Embodiment 2 of the present 
invention . 

The fuel cell system of Embodiment 2 has blowers 
41 and 42, instead of the inert gas cylinder 20, in the 
conventional system as described in Embodiment 1. The air 
introduced into the system by the blowers 41 and 42 from 
the outside is passed through combustors 43 and 44, so that 
oxygen in the air is consumed and nitrogen gas serving as 
the inert gas is produced. This gas is supplied to the 
fuel cell as the purge gas. Further, the system is 
equipped with the manometers 31 and 32 for measuring the 
pressure in the fuel gas flow path 14 on the inlet 14a side 
and the pressure in the air flow path 15 on the inlet 15a 
side, and the controller 30 for storing the pressures 
measured by the manometers 31 and 32 and controlling the 
outputs of the blowers 41 and 42 based on the measured 
values . 
[0030] 

The purge sequence of Embodiment 2 for shut-down 
is described below. 

When the demand for power from the external 
circuit disappears and a stop signal is sent to the fuel 
cell system, first, the output of the fuel cell system is 
reduced to a minimum output. The minimum output is 
maintained for a given period of time in order to stabilize 
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the gas flows inside the fuel cell, and then the pressures 
in the fuel gas flow path 14 on the inlet 14a side and the 
air flow path 15 on the inlet 15a side measured by the 
manometers 31 and 32 are recorded by the controller 30. 

Next , the electric circuit connected to the 
inverter 25 is opened, and the hydrogen supply means 11 and 
the air supply means 12 are stopped, and the combustors 43 
and 44 are ignited. 
[0031] 

Subsequently, the pressures recorded by the 
controller 30 are compared, and the blower connected to the 
inlet having a larger pressure, for example, the blower 41 
connected to the inlet 14a, is actuated and at the same 
time the valve 21 in the gas flow path leading to the fuel 
cell 10 is opened. By increasing the output of the blower 
41, the flow rate of the inert gas is increased in stages 
until an intended flow rate is reached. 

Thereafter, the blower connected to the other 
inlet, for example, the blower 42 connected to the inlet 
15a, is actuated and at the same time the valve 22 in the 
gas flow path leading to the fuel cell 10 is opened. 
Likewise, the flow rate of the inert gas is increased in 
stages. When the absolute value I App I of the differential 
pressure during purging becomes smaller than the absolute 
value I APo I of the differential pressure during operation, 
the increase of flow rate of the inert gas is stopped, and 



20 

the output of the blower is maintained. 

In this state, the blowers are operated for a 
predetermined time. Thereafter, in the reverse manner of 
the actuation of the blowers, the valve connected to the 
inlet having a smaller recorded pressure, for example, the 
valve 22 on the blower side connected to the inlet 15a, is 
closed, and then the valve connected to the other inlet, 
for example, the valve 21 in the inert gas flow path on the 
blower side connected to the inlet 14a, is closed. This is 
the sequence performed when the fuel cell is shut down. 
[0032] 

The purge sequence for restart -up is described 

below. 

When a power demand arises from the external 
circuit and a start signal is sent to the fuel cell system, 
first, the combustors 43 and 44 are ignited. Subsequently, 
the pressures recorded by the controller 30 upon the 
previous shut-down are compared, and the blower connected 
to the inlet having a larger pressure, for example, the 
blower 41 connected to the inlet 14a, is actuated and at 
the same time the valve 21 in the gas flow path leading to 
the fuel cell 10 is opened. By increasing the output of 
the blower 41, the flow rate of the inert gas is increased 
in stages until an intended flow rate is reached. The 
blower connected to the other inlet, for example, the 
blower 42 connected to the inlet 15a, is actuated and at 
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the same time the valve 22 in the gas flow path leading to 
the fuel cell 10 is opened. Likewise, the flow rate of the 
inert gas is increased in stages. When the absolute value 
I APp I of the differential pressure during purging becomes 
smaller than the absolute value I APo I of the differential 
pressure during operation, the increase of flow rate of the 
inert gas is stopped, and the flow rate at this time is 
maintained. 

In this state, the blowers are operated for a 
predetermined time. Thereafter, in the reverse manner of 
the operation of the blowers, the valve connected to the 
inlet having a smaller recorded pressure, for example, the 
valve 22 connected to the inlet 15a, is closed, and then 
the other valve 21 is closed. 
[0033] 

Next, the hydrogen supply means 11 and the air 
supply means 12 are actuated, and this state is maintained 
for a period of time that is sufficient for the fuel gas 
and air to permeate the fuel cell 10. Then, the electric 
circuit connected to the inverter 25 is closed, and power 
generation is started. This is the sequence performed when 
the fuel cell is started up. 
[0034] 

In the above-mentioned sequences for start-up and 
shut-down, more desirably, the pressure in the inlet to 
which the inert gas is supplied later is increased until it 
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becomes equal to the pressure in the inlet to which the 

inert gas is supplied earlier. 

[0035] 

With the configuration of the fuel cell system 
and the purge method in Embodiment 2, it is possible to 
provide a fuel cell system having a high reliability in a 
long-term operation that is subject to start-ups and shut- 
downs , in the same manner as in Embodiment 1 . 

[0036] 

Embodiment 3 

FIG. 4 is a diagram showing the structure of a 
fuel cell system according to Embodiment 3 of the present 
invention. 

The fuel cell system of Embodiment 3 has booster 
pumps 51 and 52, instead of the inert gas cylinder 20, in 
the conventional system as described in Embodiment 1 . The 
town gas introduced into the system by the booster pumps 51 
and 52 from the outside is supplied to the fuel cell as the 
inert gas. Further, the system is equipped with the 
manometers 31 and 32 for measuring the pressure in the fuel 
gas flow path 14 on the inlet 14a side and the pressure in 
the air flow path 15 on the inlet 15a side, and the 
controller 30 for storing the pressures measured by the 
manometers 31 and 32 and controlling the outputs of the 
booster pumps 51 and 52 based on the measured values. 
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[0037] 

The purge sequence of Embodiment 3 for shut-down 
is described below. 

When the demand for power from the external 
circuit disappears and a stop signal is sent to the fuel 
cell system, first, the output of the fuel cell system is 
reduced to a minimum output. The minimum output is 
maintained for a given period of time in order to stabilize 
the gas flows inside the fuel cell, and then the pressures 
in the fuel gas flow path 14 on the inlet 14a side and the 
air flow path 15 on the inlet 15a side measured by the 
manometers 31 and 32 are recorded by the controller 30. 

Next, the electric circuit connected to the 
inverter 25 is opened, and the hydrogen supply means 11 and 
the air supply means 12 are stopped. 
[0038] 

Subsequently, the pressures recorded by the 
controller 30 are compared, and the booster pump connected 
to the inlet having a larger pressure, for example, the 
booster pump 51 connected to the inlet 14a, is actuated and 
at the same time the valve 21 in the gas flow path leading 
to the fuel cell 10 is opened. By increasing the output of 
the booster pump 51, the flow rate of the town gas is 
increased in stages until an intended flow rate is reached. 

Thereafter, the booster pump connected to the 
other inlet, for example, the booster pump 52 connected to 
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the inlet 15a, is actuated and at the same time the valve 
22 in the gas flow path leading to the fuel cell 10 is 
opened. Likewise, the flow rate of the town gas is 
increased in stages. When the absolute value I App I of the 
differential pressure during purging becomes smaller than 
the absolute value I APo I of the differential pressure 
during operation, the increase of flow rate of the town gas 
is stopped, and the outputs of the booster pumps 51 and 52 
are maintained. 
[0039] 

In this state, the booster pumps 51 and 52 are 
operated for a predetermined time. Thereafter, in the 
reverse manner of the actuation of the booster pumps, the 
valve connected to the inlet having a smaller recorded 
pressure, for example, the valve 22 on the booster pump 52 
side connected to the inlet 15a, is closed, and then the 
valve connected to the other inlet, for example, the valve 
21 in the inert gas flow path on the booster pump 51 side 
connected to the inlet 14a, is closed. This is the 
sequence performed when the fuel cell is shut down. 
[0040] 

The purge sequence for restart -up is described 

below. 

When a power demand arises from the external 
circuit and a start signal is sent to the fuel cell system, 
first, the pressures recorded by the controller 30 upon the 
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previous shut-down are compared, and the booster pump 
connected to the inlet having a larger pressure, for 
example, the booster pump 51 connected to the inlet 14a, is 
actuated and at the same time the valve 21 in the gas flow 
path leading to the fuel cell 10 is opened. By increasing 
the output of the booster pump 51, the flow rate of the 
town gas is increased in stages until an intended flow rate 
is reached. The booster pump connected to the other inlet, 
for example, the booster pump 52 connected to the inlet 15a, 
is actuated and at the same time the valve 22 in the gas 
flow path leading to the fuel cell 10 is opened. Likewise, 
the flow rate of the town gas is increased in stages. 
[0041] 

When the absolute value I APp I of the 
differential pressure during purging becomes smaller than 
the absolute value I APo I of the differential pressure 
during operation, the increase of flow rate of the town gas 
is stopped, and the flow rate at this time is maintained. 

In this state, the booster pumps 51 and 52 are 
operated for a predetermined time. Thereafter, in the 
reverse manner of the operation of these booster pumps, the 
valve connected to the inlet having a smaller recorded 
pressure, for example, the valve 22 connected to the inlet 
15a, is closed, and then the other valve 21 is closed. 
[0042] 

Next, the hydrogen supply means 11 and the air 



26 



supply means 12 are actuated, and this state is maintained 
for a period of time that is sufficient for the fuel gas 
and air to permeate the fuel cell 10. Then, the electric 
circuit connected to the inverter 25 is closed, and power 
generation is started. This is the sequence performed when 
the fuel cell is started up. 
[0043] 

In the above-mentioned sequences for start-up and 
shut-down, more desirably, the pressure in the inlet to 
which the town gas is supplied later is increased until it 
becomes equal to the pressure in the inlet to which the 
town gas is supplied earlier. 
[0044] 

With the configuration of the fuel cell system 
and the purge method in Embodiment 3, it is possible to 
provide a fuel cell system having a high reliability in a 
long-term operation that is subject to start-ups and shut- 
downs , in the same manner as in Embodiment 1 . 
[0045] 

Embodiment 4 

FIG. 5 is a diagram showing the structure of a 
fuel cell system according to Embodiment 4 of the present 
invention . 

The fuel cell system of Embodiment 4 has a 
booster pump 52, instead of the inert gas cylinder 20, in 
the conventional system as described in Embodiment 1. The 
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town gas introduced into the system by the booster pump 52 
from the outside is supplied to the air flow path as the 
inert gas. Further, the system is equipped with the 
manometers 31 and 32 for measuring the pressure in the fuel 
gas flow path 14 on the inlet 14a side and the pressure in 
the air flow path 15 on the inlet 15a side, and the 
controller 30 for storing the pressures measured by these 
manometers and controlling the output of the booster pump 
52 based on the measured values. Also, the fuel gas flow 
path 14 on the inlet 14a side is provided with an 
electromagnetic valve 61, and the fuel gas flow path on the 
outlet 14b side is provided with an electromagnetic valve 
62. With respect to the pressures in the fuel gas flow 
path and the air flow path during operation, the fuel cell 
10 is designed such that the air flow path on the inlet 15a 
side constantly has a larger pressure. 
[0046] 

The purge sequence of Embodiment 4 for shut-down 
is described below. 

When the demand for power from the external 
circuit disappears and a stop signal is sent to the fuel 
cell system, first, the output of the fuel cell system is 
reduced to a minimum output. The minimum output is 
maintained for a given period of time in order to stabilize 
the gas flows inside the fuel cell, and then the pressures 
in the fuel gas flow path 14 on the inlet 14a side and the 
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air flow path 15 on the inlet 15a side measured by the 
manometers 31 and 32 are recorded by the controller 30. 

Next , the electric circuit connected to the 
inverter 25 is opened, and the hydrogen supply means 11 and 
the air supply means 12 are stopped. 
[0047] 

Subsequently, the electromagnetic valves 61 and 
62 installed in the fuel gas flow path on the inlet 14a 
side and the fuel gas flow path on the outlet 14b side are 
closed, to seal the anode side of the fuel cell 10. 

Thereafter, the booster pump 52 connected to the 
air flow path on the inlet 15a side is actuated and at the 
same time the valve 22 in the gas flow path leading to the 
fuel cell 10 is opened. Then, the output of the booster 
pump 52 is increased in stages until an intended flow rate 
is achieved so that the air in the air flow path is 
sufficiently replaced with the town gas . After the booster 
pump 52 is operated in this state for a predetermined time, 
the booster pump 52 is stopped, and the valve 22 connected 
to the air flow path on the inlet 15a side is closed. This 
is the sequence performed when the fuel cell is shut down. 
[0048] 

The purge sequence for restart -up is described 

below. 

When a power demand arises from the external 
circuit and a start signal is sent to the fuel cell system. 



29 

fi rs t r the booster pump 52 is actuated and at the same time 
the valve 22 in the gas flow path leading to the fuel cell 
10 is opened. Then, by increasing the output of the 
booster pump 52, the flow rate of the town gas is increased 
in stages until an intended flow rate is achieved so that 
the air which has entered the air flow path during shut- 
down is sufficiently replaced with the town gas. After the 
booster pump 52 is operated in this state for a 
predetermined time, the booster pump 52 is stopped, and the 
valve 22 connected to the air flow path on the inlet 15a 
side is closed. 

Next, the valves 61 and 62 are opened, and the 
hydrogen supply means 11 and the air supply means 12 are 
actuated. This state is maintained for a period of time 
that is sufficient for the fuel gas and air to permeate the 
fuel cell 10. Then, the electric circuit connected to the 
inverter 25 is closed, and power generation is started. 
This is the sequence performed when the fuel cell is 
started up. 
[0049] 

With the configuration of the fuel cell system 
and the purge method in Embodiment 4, it is possible to 
provide a fuel cell system having a high reliability in a 
long-term operation that is subject to start-ups and shut- 
downs , in the same manner as in Embodiment 1 . 
[0050] 
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Embodiment 5 

FIG. 6 is a diagram showing the structure of a 
fuel cell system according to Embodiment 5 of the present 
invention . 

The fuel cell system of Embodiment 5 has a 
booster pump 51, instead of the inert gas cylinder 20, in 
the conventional system as described in Embodiment 1. The 
town gas introduced into the system by the booster pump 51 
from the outside is supplied to the fuel gas flow path as 
the inert gas. Further, the system is equipped with the 
manometers 31 and 32 for measuring the pressure in the fuel 
gas flow path 14 on the inlet 14a side and the pressure in 
the air flow path 15 on the inlet 15a side, and the 
controller 30 for storing the pressures measured by these 
manometers and controlling the output of the booster pump 
51 based on the measured values. Also, the air flow path 
15 on the inlet 15a side is provided with an 
electromagnetic valve 63, and the air flow path on the 
outlet 15b side is provided with an electromagnetic valve 
64. With respect to the pressures in the fuel gas flow 
path and the air flow path during operation, the fuel cell 
10 is designed such that the air flow path on the inlet 15a 
side constantly has a larger pressure. 
[0051] 

The purge sequence of Embodiment 5 for shut-down 
is described below. 
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When the demand for power from the external 
circuit disappears and a stop signal is sent to the fuel 
cell system, first, the output of the fuel cell system is 
reduced to a minimum output. The minimum output is 
maintained for a given period of time in order to stabilize 
the gas flows inside the fuel cell, and then the pressures 
in the fuel gas flow path on the inlet 14a side and the air 
flow path on the inlet 15a side measured by the manometers 
31 and 32 are recorded by the controller 30. 

Next, the electric circuit connected to the 
inverter 25 is opened, and the hydrogen supply means 11 and 
the air supply means 12 are stopped. 
[0052] 

Subsequently, the electromagnetic valves 63 and 
64 installed in the air flow path on the inlet 15a side and 
the air flow path on the outlet 15b side are closed, to 
seal the cathode side of the fuel cell 10. 

Thereafter, the booster pump 51 connected to the 
fuel gas flow path on the inlet 14a side is actuated and at 
the same time the valve 21 in the gas flow path leading to 
the fuel cell 10 is opened. Then, the output of the 
booster pump 51 is increased in stages until an intended 
flow rate is achieved so that the hydrogen in the fuel gas 
flow path is sufficiently replaced with the town gas . 
After the booster pump 51 is operated in this state for a 
predetermined time, the booster pump 51 is stopped, and the 
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valve 21 connected to the fuel gas flow path on the inlet 
14a side is closed. This is the sequence performed when the 
fuel cell is shut down. 
[0053] 

The purge sequence for restart -up is described 

below. 

When a power demand arises from the external 
circuit and a start signal is sent to the fuel cell system, 
first, the booster pump 51 is actuated and at the same time 
the valve 21 in the gas flow path leading to the fuel cell 
10 is opened. Then, by increasing the output of the 
booster pump 51, the flow rate of the town gas is increased 
in stages until an intended flow rate is achieved so that 
the hydrogen which has entered the fuel gas flow path 
during shut-down is sufficiently replaced with the town gas. 
After the booster pump 51 is operated in this state for a 
predetermined time, the booster pump 51 is stopped, and the 
valve 21 connected to the fuel gas flow path on the inlet 
14a side is closed. 

Next, the valves 63 and 64 are opened, and the 
hydrogen supply means 11 and the air supply means 12 are 
actuated. This state is maintained for a period of time 
that is sufficient for the fuel gas and air to permeate the 
fuel cell 10. Then, the electric circuit connected to the 
inverter 25 is closed, and power generation is started. 
This is the sequence performed when the fuel cell is 
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started up. 
[0054] 

With the configuration of the fuel cell system 
and the purge method in Embodiment 5, it is possible to 
provide a fuel cell system having a high reliability in a 
long-term operation that is subject to start-ups and shut- 
downs , in the same manner as in Embodiment 1 . 
[0055] 

Embodiment 6 

FIG. 7 is a diagram showing the structure of a 
fuel cell system according to Embodiment 6 of the present 
invention . 

The fuel cell system of Embodiment 6 has the 
booster pumps 51 and 52, instead of the inert gas cylinder 
20, in the conventional system as described in Embodiment 1. 
The town gas introduced into the system by the booster 
pumps 51 and 52 from the outside is supplied to the fuel 
cell as the inert gas. Further, the system includes the 
manometers 31 and 32 for measuring the pressure in the fuel 
gas flow path 14 on the inlet 14a side and the pressure in 
the air flow path 15 on the inlet 15a side, and pressure- 
adjusting valves 71 and 72 that are installed in the fuel 
gas flow path on the outlet 14b side and the air flow path 
on the outlet 15b side and are capable of changing the 
internal diameters of these gas flow paths. The system 
also includes a controller 70 for storing the pressures 
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measured by the manometers 31 and 32 and controlling the 
outputs of the pressure-adjusting valves 71 and 72 based on 
the measured values. 

Although Embodiment 6 employs a system in which 
the internal diameters of the gas flow paths are changed by 
the pressure-adjusting valves 71 and 72, there is no 
limitation to the system of Embodiment 6. Other systems 
are also available in which the lengths of the flow paths 
are increased or the resistances of the flow paths are 
changed by bending* 
[0056] 

The purge sequence of Embodiment 6 for shut-down 
is described below. 

When the demand for power from the external 
circuit disappears and a stop signal is sent to the fuel 
cell system, first, the output of the fuel cell system is 
reduced to a minimum output. The minimum output is 
maintained for a given period of time in order to stabilize 
the gas flows inside the fuel cell, and then the pressures 
in the fuel gas flow path on the inlet 14a side and the air 
flow path on the inlet 15a side measured by the manometers 
31 and 32 are recorded by the controller 70. 

Next, the electric circuit connected to the 
inverter 25 is opened, and the hydrogen supply means 11 and 
the air supply means 12 are stopped. 
[0057] 
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Subsequently, the pressure-adjusting valves 71 
and 72 connected to the outlet-side flow paths are 
controlled in the following manner. That is, the pressures 
in the inlet-side flow paths recorded by the controller 70 
are compared, and the pressure-adjusting valve in the flow 
path having a larger pressure, for example, the pressure- 
adjusting valve 71 in the fuel gas flow path is opened at 
10% and the other valve is fully opened. Thereafter, the 
booster pump 51 connected to the fuel gas flow path is 
actuated and at the same time the valve 21 in the gas flow 
path leading to the fuel cell 10 is opened, in the same 
manner as the above. 
[0058] 

Then, the booster pump 52 connected to the other 
inlet is actuated and at the same time the valve 22 in the 
gas flow path leading to the fuel cell 10 is opened. By 
narrowing the pressure-adjusting valve 72 in stages, the 
pressure loss in the inlet-side flow path is increased. 
When the absolute value I APp I of the differential pressure 
during purging becomes smaller than the absolute value 
I APo I of the differential pressure during operation, the 
increase of flow rate of the town gas is stopped, and the 
flow rate at this time is maintained. 

The town gas is supplied in this state into the 
fuel cell for a predetermined time. Thereafter, in the 
reverse manner of the supply of the town gas, the valve in 
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the town gas flow path connected to the inlet having a 
smaller recorded pressure, for example, the valve 22 
connected to the inlet 15a, is closed. Subsequently, the 
valve in the town gas flow path connected to the other 
inlet, for example, the valve 21 connected to the inlet 14a, 
is closed. This is the sequence performed when the fuel 
cell is shut down. 
[0059] 

The purge sequence for restart -up is described 

below. 

When a power demand arises from the external 
circuit and a start signal is sent to the fuel cell system, 
first, the pressure-adjusting valves 71 and 72 connected to 
the outlet -side flow paths are controlled in the following 
manner. That is, the pressures in the inlet-side flow 
paths recorded by the controller 70 are compared, and the 
pressure-adjusting valve in the flow path having a larger 
pressure, for example, the pressure-adjusting valve 71 in 
the fuel gas flow path, is opened at 10% and the other 
valve is fully opened. Subsequently, the booster pump 51 
connected to the flow path having a larger pressure in the 
same manner as the above is actuated and at the same time 
the valve 21 in the gas flow path leading to the fuel cell 
10 is opened. 

Then, the booster pump 52 connected to the other 
inlet -side flow path is actuated and at the same time the 
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valve 22 in the gas flow path leading to the fuel cell 10 
is opened. By narrowing the pressure-adjusting valve 72 in 
stages, the pressure loss in the air inlet-side flow path 
is increased. When the absolute value I App I of the 
differential pressure during purging becomes smaller than 
the absolute value I APo I of the differential pressure 
during operation, the increase of flow rate of the town gas 
is stopped, and the flow rate at this time is maintained. 
[0060] 

The town gas is supplied in this state into the 
fuel cell for a predetermined time. Thereafter, in the 
reverse manner of the supply of the town gas, the valve in 
the town gas flow path connected to the inlet having a 
smaller recorded pressure, for example, the valve 22 
connected to the inlet 15a, is closed. Subsequently, the 
valve in the town gas flow path connected to the other 
inlet, for example, the valve 21 connected to the inlet 14a, 
is closed. 

Next, the hydrogen supply means 11 and the air 
supply means 12 are actuated, and this state is maintained 
for a period of time that is sufficient for the fuel gas 
and air to permeate the fuel cell 10. Then, the electric 
circuit connected to the inverter 25 is closed, and power 
generation is started. This is the sequence performed when 
the fuel cell is started up. 
[0061] 
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In the above-mentioned sequences for start-up 
and shut-down, more desirably, the pressure in the inlet to 
which the town gas is supplied later is increased until it 
becomes equal to the pressure in the inlet to which the 
town gas is supplied earlier. 
[0062] 

With the configuration of the fuel cell system 
and the purge method in Embodiment 6, during operation and 
purging, the solid electrolyte membrane of the fuel cell 10 
constantly receives force from one direction due to the 
differential pressure, and hence, the degradation of 
strength caused by vibrations is not promoted. It is 
therefore possible to provide a fuel cell system having a 
high reliability in a long-term operation that is subject 
to start-ups and shut-downs. 
[0063] 

In the foregoing embodiments, the system was 
equipped with the hydrogen supply means 11. However, 
hydrogen may be directly supplied therein from the outside 
of the system and then humidified by means of a humidifier 
in order to supply it to the fuel cell, in the same manner 
as air . 

Example 
[0064] 

According to Embodiments 1 to 6 of the present 
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invention as illustrated in FIG. 2 to FIG. 7, fuel cell 
systems were fabricated as Examples 1 to 6 f and the effects 
of the invention were checked. Also, as a comparative 
example, a fuel cell system with a structure shown in FIG. 
1 was fabricated. 

In the examples and the comparative example, a 
hydrogen cylinder was used as the hydrogen supply means 11. 
Also, blowers (VB-004-DN available from Hitachi, Ltd.) were 
used as the air supply means 12, purge air blower and 
booster pumps 51 and 52. 
[0065] 

With respect to the fuel cell stack, the 
electrode area was 8 cm X io cm, and the outer dimensions 
of the separator were 10 cm X 20 cm. The gas flow channels 
of the separators were designed such that the air flow 
channel had a smaller flow channel resistance. The fuel 
cell stack used was composed of a stack of 100 unit cells. 
[0066] 

Nitrogen was used as the inert gas in Examples 1 
and 2, while town gas was used as the inert gas in Examples 
4 to 6. The fuel cell stacks used in the examples and the 
comparative example were subjected to a start -up/ shut -down 
cycle test according to the following sequence, in order to 
confirm the effects of the examples. In this sequence, an 
external load was used for controlling power generation in 
such a manner that power was generated at a current density 
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of 0.5 A/cm 2 . Also, in this sequence, in order to check 
the effect of temperature change on the durability of the 
fuel cell stack, the time necessary for the temperature of 
the fuel cell to lower to room temperature after the shut- 
down of the operation was measured, and it turned out to be 
3. 2 ±0.4 hours. Thus, the shut-down time was set to 4.0 
hours . 
[0067] 

Sequence: power generation (2.0 hrs)-" shut-down 
purge (1.0 hr)^ restart purge (1.0 hr)^ shut-down (4.0 
hrs)~+ power generation (2.0 hrs)^' * * (repeated). 
[0068] 

Examples 1 to 6 and the comparative example were 
repeatedly operated according to the above-mentioned 
sequence, to check average voltage values during operation. 
FIG. 8 shows the result. In FIG. 8, there is a sharp drop 
in the voltage of the comparative example after 1800 cycles, 
but no major voltage change is found even after 3000 cycles 
in Examples 1 to 6 . After the test, unit cells of the fuel 
cell stacks that exhibited voltage drops were disassembled 
and examined. As a result, their electrolyte membranes 
were found to be broken at the edge portions contacting the 
gas flow channels of the separators. Accordingly, the 
effects of the invention were confirmed. 

Industrial Applicability 
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[0069] 

The solid polymer fuel cell system according to 
the present invention is useful as a domestic cogeneration 
system. It is also applicable as an energy source of 
automotive prime motors, such as cars, buses and scooters. 



